Free circulating Epstein-Barr virus (EBV) DNA is often present in the plasma of Hodgkin's disease patients. The aim here was to evaluate the prevalence of this fi nding, its correlation with the immunohistochemical expression of LMP-1 (latent membrane protein 1) and the infl uence of other clinical factors.
INTRODUCTION

Epstein-Barr virus (EBV), a lymphotropic
herpesvirus that is widespread in the human population, is associated with approximately 40% of Hodgkin's disease cases. Its prevalence is higher in developing countries, where a higher proportion of Hodgkin's disease cases are subclassifi ed as mixed cellularity. 1 The demonstration that EBV genomes are present in the Hodgkin-Reed Sternberg (H-RS) cells of a proportion of Hodgkin's disease cases provided important new evidence of its role in the pathogenesis of the disease. 2 In patients with EBV-associated Hodgkin's disease, H-RS cells express high levels of latent membrane protein 1 (LMP-1), which functions as a constitutively activated tumor necrosis factor receptor. Many of the growth transforming effects of LMP-1 derive from its ability to activate various signaling pathways, including nuclear factor κB. 3 Small amounts of free EBV DNA circulate in the plasma of both healthy individuals and cancer patients. 4 Some studies have reported the presence of EBV DNA in the peripheral blood of patients with EBV-associated malignancies, such as nasopharyngeal carcinoma, NK/T cell lymphoma and post-transplant lymphoproliferative disease (PTLD), [4] [5] [6] [7] [8] but there is still only limited experience of EBV in Hodgkin's disease. Gallagher et al. reported that the conventional polymerase chain reaction (PCR) detected 90% of known EBV-positive Hodgkin's disease cases. 9 Quantitative PCR appeared to be less sensitive but more specifi c. In two other studies, a reduction in plasma viral load to low or undetectable levels was observed in patients who obtained complete remission, whereas in poorly responding patients, disease progression was associated with rapidly increasing DNA levels. 10, 11 Thus, analysis of plasma EBV DNA might be of value for diagnostic and prognostic evaluation and follow-up of Hodgkin's disease patients.
OBJECTIVE
The aim of this study was to confi rm whether free circulating EBV DNA can be consistently detected in patients with EBVassociated Hodgkin's disease, and to verify possible associations with such patients' clinical characteristics.
METHODS
Patients Patients
Between November 2001 and November 2003, plasma samples from 30 consecutive patients with newly diagnosed Hodgkin's disease were collected before their treatment started at the Hematology Service of Universidade Federal do Rio de Janeiro and the Oncology Service of Instituto Nacional do Câncer (two public tertiary institutions). Their diagnoses and histological classifi cations were confi rmed in a pathological review performed by two of the authors together (SR and JCM). The presence of EBV in tumor cells was assessed by the immunohistochemical expression of the LMP-1 protein, using a cocktail of monoclonal antibodies (CS1-4, Dako ® ), as described previously. 12 Patient evaluation included a complete history, physical examination, complete blood count with differential count, biochemical profi le, HIV serology, chest radiography, computed tomography of the chest and abdomen, and bone marrow biopsy. Blood samples were collected for EBV DNA analysis.
Blood samples from 13 healthy volunteers were also analyzed. They were all health workers at our hospital, their median age was 29 years, and seven were women.
The study was approved by the Institutional Review Boards of the two institutions. Informed consent was obtained from all patients.
DNA extraction from DNA extraction from plasma samples plasma samples DNA extraction was performed using the QIAamp Blood Kit (Qiagen, Uniscience, Brazil). The steps were performed according to the supplier's protocol and samples were resuspended in 200 µl H 2 O. DNA was stored at -80 º C.
Conventional polymerase
Conventional polymerase chain reaction chain reaction Initially, EBV DNA polymerase chain reaction (PCR) was carried out using primers derived from the BamH1 W repeat sequence of EBV, as previously described. 13 The PCR routine was performed using 2 µl of the DNA extracted from plasma. PCR reactions were performed with 2.5 units/µl Amplitaq (Perkin-Elmer, Branchburg, New Jersey), 1.5 mM MgCl 2 , 25 mM dNTPs, 10 x buffer and 10 µM of each primer, in a 50 µl reaction mix. A negative water control and a positive control consisting of DNA from the EBV-positive Raji cell line were included in each assay. Thermal cycling was performed using the following conditions: initial denaturation at 95 º C for fi ve minutes, followed by 40 cycles of ramping to 94 º C over one min; 94 º C for 30 sec; cooling to 55 º C over two min; 55 º C for 10 sec; heating to 72 º C over one min; 72 º C for 30 sec; followed by a fi nal extension step at 72 º C for seven min. 9 PCR products were analyzed by electrophoresis on 10% polyacrylamide gels. All plasma DNA samples were also subjected to PCR analysis for the p53 gene, which served as a control for the ability to amplify the plasma DNA.
Statistical analysis Statistical analysis
Fisher's exact test (two-sided) was used to assess the association between categorical variables. The kappa coeffi cient was calculated to estimate the concordance between EBV detection methods. Statistical analysis was performed using the softwares Epi-Info 6.0 and PEPI 4.0.
RESULTS
The patients' characteristics, EBV status in tumor cells and pre-treatment plasma EBV DNA are summarized in Tables 1 and 2 . Tissue samples were available from all 30 patients for evaluating their EBV status.
Prior to treatment, plasma EBV DNA was detected in 13 of the 30 patients (43%). In contrast, plasma EBV DNA was detected in only one of the 13 control subjects (p = 0.03; 95% CI for the difference between proportions = 0.12-0.58).
Circulating EBV DNA was found in 10 of the 11 LMP-1 positive patients, and in only three of the 19 patients without LMP-1 expression in the lymph nodes (kappa coeffi cient = 0.72). Figure 1 shows the presence of EBV DNA in the serum of four patients.
According to the Ann Arbor staging method, advanced disease (defi ned as stages IIB-IV) was present in 19 patients and the frequency of EBV DNA was higher in this group (63% versus 9%, p = 0.006, 95% CI = 0.26-0.81). Plasma EBV DNA was found in all HIV-positive patients (100% versus 29%, p = 0.0007). When only the 24 HIV-negative patients were analyzed, the frequency of EBV DNA remained higher in the 13 patients with advanced disease (54% versus 9%, p = 0.03)
DISCUSSION
The presence of tumor-derived DNA in the plasma and serum of cancer patients opens up new possibilities for detecting and monitoring cancer.
In the present study, 43% of the patients with Hodgkin's disease had EBV DNA that was detectable by conventional PCR in the plasma prior to treatment, whereas only one healthy individual (8%) was positive for plasma EBV DNA (p = 0.03). Moreover, plasma EBV DNA was present in almost every patient (10/11, 91%) with proven LMP-1 in the lymph nodes, and also in 3/19 patients (16%) without LMP-1. Whether the latter were false-positive results from the PCR or false-negative results from the LMP-1 staining method remains to be elucidated. In the present study, EBV encoded RNA (EBER) in situ hybridization was not performed, but the correlation with LMP-1 was usually good. 14 Gallagher et al. 9 observed similar results from patients selected retrospectively on the basis of their known EBV status: 91% of their patients with EBV-associated disease were positive by conventional PCR, while 26% of patients with non-EBV-associated Hodgkin's disease were positive. Subsequently, a subgroup of their patients was also studied by quantitative PCR. With this method, only 69% of the patients with EBV-associated disease and 10% of the patients with non-EBV associated Hodgkin's disease were positive. The authors speculated that this lower positivity might have been due to technical reasons, such as the smaller amount of DNA used in RT-PCR. However, as expected, the median amount of EBV DNA detected by RT-PCR was much higher in patients with EBV-associated Hodgkin's disease.
The good correlation between the EBV status of the involved lymph nodes examined and the ability to detect EBV DNA in plasma suggests that H-RS cells are the most likely source of viral DNA. Support for this idea is provided by Kornacker et al., 15 who demonstrated identical immunoglobulin gene rearrangements in biopsy and blood samples from a patient with Hodgkin's disease.
A strong correlation between plasma EBV DNA and HIV status was observed. Virtually all cases of Hodgkin's disease in HIV-infected patients are EBV-associated, 16, 17 and in our series the prevalence of free EBV DNA was 100%. Free circulating EBV DNA could have clinical use in patients with HIV-related Hodgkin's disease, both as an indicator of complete remission and as a tool for following up patients who are in complete remission. 18 A strong correlation was also observed between the presence of free circulating EBV DNA and the presence of advanced Hodgkin's disease. A similar correlation has been observed in patients with nasopharyngeal carcinoma: plasma cell-free EBV DNA levels in advanced cases were signifi cantly higher than those in early-stage nasopharyngeal cases. 19 These results again suggest that free EBV DNA is related to the tumor mass, and that its analysis might be useful as a molecular marker for the detection and follow-up of EBV-related diseases.
The control group had the same median age and sex distribution as the patients with Hodgkin's disease. The clinical signifi cance of the presence of plasma EBV DNA in one healthy control is unclear. Such positive findings in control groups have been observed before in developing countries, with a prevalence of 7%-13%. 19, 20 However, in developed countries, EBV DNA has never been detected in the plasma or serum of healthy, non-immunosuppressed children or adults. 21 Therefore, this discrepancy might be related to yet undefi ned socioeconomic conditions.
In studies using large DNA banks, Hodgkin's disease has been shown to develop as late as seven years after free EBV DNA was detected. 22 For this reason, the only control volunteer with a positive result in our study is being monitored for clinical signs of EBV-associated diseases.
It is of interest that, in one study that detected plasma EBV DNA in controls, the levels of plasma EBV DNA in patients with nasopharyngeal carcinoma were much higher than those in controls with detectable plasma EBV DNA. 6 Thus, quantitative plasma EBV DNA might prove more useful as a screening method for EBV-associated diseases in high-prevalence areas.
CONCLUSIONS
In summary, free circulating EBV DNA was frequently found in Hodgkin's disease patients before treatment by conventional PCR, and its prevalence was especially high in patients with advanced-stage disease and HIV-related Hodgkin's disease. Further longitudinal studies are clearly needed in order to evaluate the diagnostic impact of this fi nding on the monitoring of treatment response and remission status among Hodgkin's disease patients. The use of quantitative PCR in a larger population is likely to shed light on many of the questions raised by this study. 
